This study systematically sampled typical attention-getting sounds and sign language conversations between each of 4 originally cross-fostered chimpanzees (Pan troglodytes), still living freely, but now in a laboratory setting, and a familiar human interlocutor. Videotape records showed that when they encountered a human interlocutor sitting alone at his desk with his back turned to them, the crossfosterlings either left the scene or made attention-getting sounds. The only signs they made to the interlocutor's back were noisy signs. When the human turned and faced them, the chimpanzees promptly signed to him (98% of the time) and rarely made any sounds during the ensuing signed conversations. Under systematic experimental conditions, the signed responses of the chimpanzees were appropriate to the conversational styles of the human interlocutor, confirming daily field observations.
In cross-fostering, adults of one species rear the young of another species. Sign language studies of cross-fostered chimpanzees are a tool for studying the fuzzy overlap between the intelligent behavior of human and nonhuman species and between linguistic behavior and other intelligent behavior. Under unstructured, human, homelike conditions very similar to the conditions in which human children acquire the words and signs of their native languages, infant chimpanzees acquire and use signs of American Sign Language (ASL; B. T. ). This study expands sign language studies of crossfostered chimpanzees beyond the traditional study of syntax and semantics to include pragmatic devices and conversational skill.
Syntax and semantics, text as opposed to context of words and sentences, comprise the top-down study of theoretical linguistics. Normal face-to-face communication includes context and pragmatics-tone of voice, facial expression, gesture, and so on-and this mix comprises the bottom-up study of descriptive linguistics (Frawley, 1992; Narasimhan, 1998; van Dijk, 1997) . Rises in tone, shrugs of a shoulder, and lifts of an eyebrow can dramatically alter the meaning of a message. Pragmatic gesture and sound often have more effect on the message conveyed by an utterance than the deepest structure of theoretical linguistics.
Up to the time of this study, cross-fostered chimpanzees initiated most of their conversations with human interlocutors (B. T. Gardner, Gardner, & Nichols, 1989) . In general, familiar human beings in the laboratory have been eager conversational partners. Nevertheless, laboratory personnel often have other demanding obligations and at those times chimpanzees have attracted their attention with sounds. This is a study of systematic observations of pragmatic sounds that cross-fostered chimpanzees typically used to initiate conversations with a familiar human interlocutor under customary daily conditions in this laboratory.
When pragmatic sounds succeeded in attracting the attention of a human interlocutor, the chimpanzees immediately engaged him in conversation in signs. The interlocutor responded to their opening conversational utterances with a systematic experimental series of signed probes. This is also a report of the conversational skill shown by the chimpanzees in their rejoinders to these probes under typical conditions in this laboratory. their homes. They may treat them well, and they may love them dearly, but they do not treat pets like children. True cross-fostering-treating a chimpanzee infant like a human infant in all respects, in all living arrangements, 24 hr a day, every day of the year-requires a rigorous experimental regime that has rarely been attempted (R. A. Gardner & Gardner, 1998, pp. 189 -190) .
Washoe, Moja, Tatu, and Dar lived in laboratory enclosures in Ellensburg, but familiar humans continued to interact with them throughout each day, signing about activities, meals, games, and events. These chimpanzees had frequent access to the toys, clothing, and household objects they knew from the cross-fostering laboratory in Reno, and they continued to sign freely with familiar humans and chimpanzees (D. H. Fouts, 1994 ; R. S. Fouts, Abshire, Bodamer, & Fouts, 1989 ; R. S. Fouts, Fouts, & Schoenfeld, 1984; Jensvold & Gardner, 2000) . Thus, the systematic, experimental observations reported here represent a very small sample of a far larger population of informal conversational interactions that took place in the many years before this experiment and also in daily life outside of these brief experimental observation periods.
Interlocutor
The first author of this article, Mark D. Bodamer (MDB), served as the interlocutor. At the time of data collection, he had 8 years experience caring for and interacting with this group of chimpanzees in Ellensburg and 8 years experience communicating in ASL.
Laboratory
At the time of this experiment, Washoe, Moja, Tatu, and Dar lived in a complex of four enclosed rooms connected by passageways through which the chimpanzees had access to the entire complex all day, every day of the year. One of the connecting passageways (shown in Figure 1 ) passed through a room labeled observation room. Many objects of interest to the chimpanzees, such as clothes, magazines, and toys, were displayed or stored in the observation room. The cross-fosterlings often stayed in this passageway through the observation room to tickle, chase, wrestle, groom, look at magazines, and so on. Chimpanzees moving from room to room were free to move on to another room, to loiter in the passageway, or to interact with humans that were in the observation room or the data room. From the area of the passageway labeled TZ for target zone, a chimpanzee could look through a doorway in the observation room and see into the room labeled data room about 4.5 m across the hall from the TZ. The data room was a work room for the human participants in this laboratory, and the chimpanzees often saw familiar humans in this room attending to research tasks and ignoring the chimpanzees. Sometimes when people worked in the data room, the cross-fosterlings sat quietly in the TZ without interacting with the people, and sometimes they made sounds or signed to the people. Figure 1 shows the arrangement of personnel and apparatus in this experiment. A Panasonic AG 190-P color video camera in the doorway of the data room focused on the TZ and on an area to the right of the TZ in which a 30.5-ϫ 40.6-cm mirror reflected an image of the interlocutor in his customary chair (DC). In this way, the camera recorded both the chimpanzee and a mirror image of the interlocutor's upper body on a videotape record in which the interlocutor appeared on the right and the chimpanzee appeared on the left of the television screen. Figure 2 shows a typical frame of videotape. The camera also transmitted a signal to a monitor in the data room that was out of the chimpanzees' sight but permitted the interlocutor to observe the TZ and the image in the mirror while he sat in the DC with his back to the TZ. Table 2 is an outline of the procedure. On a typical experimental day, the equipment and the interlocutor were ready by 0900 and remained in standby mode until around 1500. The interlocutor continued his daily routine in areas near the experimental rooms. When the interlocutor detected a chimpanzee in the observation room, he stationed himself in the data room where he could see the chimpanzee on the monitor.
Procedure

Part I: Attention Getting, Interval 1
If a chimpanzee remained in the TZ for at least 10 s and at least 10 min had elapsed since the last interchange with that chimpanzee, then the interlocutor began Interval 1 by turning on the video camera and sitting in the DC facing the work table with his back to the chimpanzee. The interlocutor pretended to work by shuffling papers, writing, or reading. If the chimpanzee made a sound within 4 min, then the interlocutor either turned to face the chimpanzee immediately or delayed before turning according to the condition assigned to that trial of attention getting. If the chimpanzee left the TZ but returned within 30 s, then the time away was included as part of the quiet time. If the chimpanzee left the TZ for more than 30 s, then that ended Interval 1. If the chimpanzee remained quiet for 4 min, then that ended Interval 1.
Part II: Signed Interchanges, Intervals 2, 3, and 4
Part II began if a chimpanzee made an attention-getting sound in Interval 1. When the interlocutor turned and faced the chimpanzee, that marked the end of Interval 1 and the beginning of Interval 2. If the chimpanzee failed to sign within 10 s after the interlocutor turned, then the trial ended as an incomplete trial of signed interchange. If the chimpanzee signed within 10 s after the interlocutor turned, then the interlocutor replied with signed Probe 1. Probe 1 marked the end of Interval 2 and the beginning of Interval 3. If the chimpanzee failed to sign within 10 s after the interlocutor signed Probe 1, then the trial ended as an incomplete trial of signed interchange. If the chimpanzee signed within 10 s after Probe 1, In summary, there were two parts to this experiment. Part I, attention getting, consisted of Interval 1 (see Table 2 ) and began when the interlocutor sat in his chair. A complete trial of attention getting ended when the interlocutor turned and faced the chimpanzee, when the chimpanzee remained silent for 4 min, or by default when the chimpanzee left the TZ without returning for 30 s. Part II, signed interchange, began when the interlocutor turned and faced the chimpanzee immediately or after a delay. A complete trial of signed interchange began with the end of Interval 1 and ended when the chimpanzee either responded to Probe 2 or failed to respond to Probe 2 within 10 s.
Conditions Delay
In the zero delay (0D) condition, the interlocutor turned and faced the chimpanzee immediately after the first sound that the chimpanzee made. In the 30-s delay (30D) condition, the interlocutor remained with his back to the chimpanzee for at least 25 s and at most 30 s after the beginning of the first chimpanzee sound.
Probes
The chimpanzees nearly always signed when the interlocutor turned to face them, and he in turn responded with experimentally prescripted probes patterned after studies of conversational skill in human children.
Probe 1. Probe 1 was the single sign WHAT?/ as used in studies of deaf (Ciocci & Baran, 1998; Hughes & James, 1985) and hearing children (Anselmi, Tomasello, & Acunzo, 1986; Brinton & Fujiki, 1989; Brinton, Fujiki, & Sonnenberg, 1988; Gallagher, 1977; Gallagher & Darnton, 1978; Scudder & Tremain, 1992; Wilcox & Webster, 1980) . Note the following example: 1 Example: #1/1:46:50 Tatu: PERSON TIME/ 1 Words for signs. The following examples represent English transcriptions of the signs that appeared in the chimpanzee and interlocutor utterances in the course of this experiment. In these transcriptions capital letters indicate English glosses for ASL signs, and the transcriptions appear in word-for-sign English. Translation into good English would add words and word endings that have no signed equivalents either in the vocabularies of the chimpanzees or in ASL. Word-for-sign transcription makes the utterances appear to be crude or pidgin dialect, but the reader should keep in mind the fact that equally literal word-for-word transcriptions between Russian or Japanese and English appear equally crude.
Modulation. The following conventions transcribe three modulations. An x following a gloss indicates immediate reiteration of that sign. A question mark ? following a gloss indicates a questioning inflection. A slash (/) indicates an utterance boundary (see B. T. Gardner & Gardner, 1998, p. 167) .
Address. The location of each dialogue in the videotape record appears at the beginning of the dialogue. In the first example of Probe 1, the address #1/1:46:50 indicates that this dialogue is a transcription from Videotape 1 and that the interlocutor sat in the chair initiating Interval 1 at 1:46:50 from the beginning of the videotape. Gardner & Gardner, 1975; R. A. Gardner, Van Cantfort, & Gardner, 1992; . Studies of human children such as Anselmi et al. (1986) 
Design
There were two delay conditions and four Probe 2 conditions for a total of 8 possible combinations. The interlocutor presented each combination eight times for a total of 64 complete trials of signed interchange for each chimpanzee. A randomized block design (Maxwell & Delaney, 1990) determined the schedule of delay conditions and Probe 2 conditions for each chimpanzee. At least 10 min elapsed between any two trials with the same chimpanzee. The maximum number of trials for 1 chimpanzee in a day was four trials.
Interval Demarcation
The chimpanzee image was always on the left, and the mirror image of the interlocutor was always on the right-hand side of the playback monitor (see Figure 2 ). During transcription, either half of the monitor could be covered with a partition, thereby occluding either the chimpanzee or the interlocutor. Before either audio or sign transcription, MDB viewed each videotape with the chimpanzee image occluded and marked the beginning of each interlocutor behavior of Table 2 in each record of Part II by placing a tone on the second audio track. He also recorded the elapsed time between each of the five demarcation tones.
Audio Transcription Chimpanzee Sounds
With the image of the interlocutor occluded, transcribers first played the videotapes to detect chimpanzee sounds between demarcation tones. Next, transcribers assigned each detected sound to a category. Mouth sounds were lip smack/kiss (LS), Bronx cheer/raspberries (blowing air through compressed lip; BC), whimper (WH), or other mouth sounds (OM). Nonmouth sounds were hand clap (HC), hit or rattle an object (HO), noisy ASL sign (NS), or other nonmouth sounds (ONM). If more than one type of sound was produced simultaneously, then this was categorized as a combination (C). For example, Dar hand clapping while making a kissing sound.
Two transcribers, B1, who had 1 year of experience with these chimpanzees, and B2, who had 6 months of experience with these chimpanzees, transcribed the videotapes for chimpanzee sounds in all four intervals of each trial. First, B1 transcribed all 64 trials each for Washoe and Tatu whereas B2 transcribed all 64 trials each for Moja and Dar. Then, B1 transcribed a randomly selected sample of 25% of Moja's and Dar's trials, and B2 transcribed a randomly selected 25% of Washoe's and Tatu's trials. Interobserver agreement was 98% for the presence of sound and 91% for sound category.
Sound Increase
In the 0D condition, the interlocutor turned and faced the chimpanzee immediately after the first sound that the chimpanzee made. In the 30D condition, the interlocutor delayed facing the chimpanzee for 30 s. Half the trials of interchange (128) were 30D. With the image of the interlocutor occluded, MDB transcribed Interval 1 for increases in sound during all 30D trials. If the interval contained only a single sound (the sound that started the interval), this was no increase. If the interval contained one repetition of the first sound or the first sound plus only one additional type of sound, this was small increase. If the chimpanzee either repeated a sound more than once or made more than two types of sound, this was large increase. B1 transcribed a randomly selected 25% of the 30D trials for sound increase, and interobserver agreement was 88%.
Noisy Signs
ASL is a visual gestural language, but some signs can be noisy when made emphatically. For example, the back of the wrist contacts the underside of the chin to make the sign DIRTY and often a chimpanzee's jaw and teeth clack together when making a distinctive sound. Sometimes a chimpanzee made such forceful DIRTY signs that they could be heard throughout the laboratory. Other frequently noisy signs were HUG, CHASE, SHOE, and PERSON. In HUG, both arms cross over the chest and the hands contact the chest; in CHASE, the fist of one hand contacts the wrist of the other hand; and in SHOE, both hands are fists and the index edge of both hands contact (see B. T. Table 3 .2). PERSON is an example of a sign that emerges in social groups (Fant, 1972; Goldin-Meadow & Feldman, 1977; Tervoort, 1961) . PERSON emerged among the chimpanzees in the Ellensburg laboratory and consisted of a flat hand with the palm contacting the top of the head, which became noisy when the hand slapped the head sharply (R. S. Fouts, Fouts, & Van Cantfort, 1989, p. 285; R. S. Fouts, Hirsch, & Fouts, 1982, p. 181) .
Sign Transcription Glossing Signs
All of the signs that appeared in the transcription of this experiment appear in Table 3 .2 of B. T. . With the exception of PEEKABOO, PERSON, and name signs, all of these signs also appear in standard dictionaries of ASL as described and explained in B. T. Gardner et al. We created name signs by the normal procedures for creating name signs in the deaf community.
The only pointing sign on these lists is the indexical THAT/THERE, which is also a pointing sign in ASL (see B. T. Gardner & Gardner, 1998, pp. 182-184 , for analysis of THAT vs. THERE). In dictionaries of ASL as well as in the vocabularies of Washoe, Moja, Tatu, and Dar, ME is a point to oneself and YOU is a point to an interlocutor. In the published film (R. A. Gardner & Gardner, 1973) , Washoe names her image in a mirror signing both ME and ME WASHOE in response to the question WHO THAT? When she points to herself, the gloss is ME, when she makes the name sign WASHOE, the gloss is WASHOE. Only when she makes both signs in the same utterance is the gloss ME WASHOE. In any phrase glossed as THAT/THERE APPLE or THAT/THERE DOG in the transcriptions of the present experiment, both the indexical and the object sign must appear.
All of the publications authored or coauthored by R. A. Gardner or B. T. Gardner have glossed indexical signs by this conservative standard that should be distinguished from somewhat more liberal standards found, for example, in Goldin-Meadow (1997) , Goldin-Meadow and Feldman (1977) , and Goldin-Meadow and Mylander (1984) for human children and in Savage-Rumbaugh, McDonald, Sevcik, Hopkins, and Rubert (1986) for bonobos. As many as 62% of the signs in Goldin-Meadow's samples consist of pointing at an object or a person. Pointing at one person means that a child intended to say "sister," pointing at another person means that a child intended to say "Susan," pointing to a particular toy means that a child intended to say "duck," and so on (Goldin-Meadow, 1997, p. 298). In Savage-Rumbaugh et al., 1986, when Kanzi pointed at one human, this was glossed as person; when two human beings were present, pointing at one was glossed as person1 and pointing at the other was glossed as person2 (Savage-Rumbaugh et al., 1986, Table 3 ). The conservative glosses yield a smaller vocabulary but describe observations independent of contextual interpretation.
Chimpanzee Signs
With the image of the interlocutor occluded, transcribers assigned glosses to each chimpanzee sign on the videotape. Transcribers received data sheets showing the beginning time, ending time, and demarcation times of each interchange. The transcribers used the place, configuration, movement (PCM) system to assign an English gloss to all signs between the beginning and the end times. The PCM system (B. T. ) is a description of a sign using place where the sign is made, configuration of the hand, and movement of the hand. Transcribers wrote glosses onto the data sheet sequentially as they occurred, starting at the top of the page.
To compare which intervals had signs and to allow for a comparison of glosses in different intervals, the transcribers partitioned the gloss transcript. The transcribers inserted horizontal lines through the gloss transcript in places that corresponded with the interval demarcation times, D1-D5. If the chimpanzee was signing at one of these times, the transcribers drew a line through the gloss and noted if the sign continued beyond the demarcation time. Among human signers, holding a sign in position is a cue for the end of an utterance (Covington, 1973; Grosjean & Lane, 1977; Stokoe, 1972) . A gloss that crossed a demarcation line was assigned to the interval in which the sign started. If the chimpanzee resumed movement of the sign, then it was assigned to both intervals. From the partitioned gloss transcript, the transcribers recorded which intervals contained signs.
MDB transcribed all 256 complete interchanges. A graduate student, Heidi Lynn Shaw (HLS), who had 8 years experience with these chimpanzees independently assigned glosses to each chimpanzee sign in a randomly selected 25% of the complete trials of interchange of each chimpanzee. Overall interobserver agreement on the presence of signs was 96%, and the lowest agreement was 94%. Overall interobserver agreement on gloss assignment was 87%, and the lowest agreement was 86%. Overall interobserver agreement on gloss transcript partitioning was 98%.
Interlocutor Signs
With the image of the chimpanzee occluded, transcribers assigned glosses to each interlocutor sign in each complete interchange using the PCM system. MDB transcribed all 256 complete trials of interchange. HLS independently assigned glosses to each interlocutor sign in a randomly selected 25% of the trials. Interobserver agreement on gloss assignment was 100%.
Classification
To analyze the utterances of the chimpanzees with respect to conversational patterns, coders first classified each utterance into a fixed number of categories. For convenience in describing these categories and their statistical analysis, each chimpanzee utterance is C n , whereby the chimpanzee utterance in Interval 2 is C 1 , the utterance in Interval 3 is C 2 , and the utterance in Interval 4 is C 3 , as shown in Table 2 . Similarly, each interlocutor probe is P n , whereby the probe that begins Interval 3 is P 1 and the probe that begins Interval 4 is P 2 , as shown in Table 2 . The first analysis of conversational results measures the reaction of the chimpanzees to each probe by comparing the signs in each chimpanzee utterance with the signs in the immediately preceding chimpanzee utterance, C 2 :C 1 and C 3 :C 2 . The second analysis measures the interaction of the chimpanzees with each probe of the interlocutor by comparing the signs in each reply with the signs in the immediately preceding probe, C 2 :P 1 and C 3 :P 2 .
Using the gloss transcriptions, MDB classified the reaction of each reply, C 2 :C 1 and C 3 :C 2 , according to the scheme in Table 3 and the interaction of each reply, C 2 :P 1 and C 3 :P 2 , according to the scheme in Table 4 .
Reaction (C n :C nϪ1 )
1. S (same): The signs in C n were the same as the signs in C nϪ1 In cases of Sϩ and Sϩ/Ϫ, the chimpanzees expanded on their previous utterances (Bloom, Rocissano, & Hood, 1976; B. T. Gardner & Gardner, 1998, p. 168; Keenan, 1977 6. NR (no response): The chimpanzee failed to respond within 10 s after the probe. Using the gloss transcriptions, MDB classified the reaction of each reply, C 2 :C 1 and C 3 :C 2 . A graduate student, Mary Lee Jensvold (MLJ), who had 7 years experience with these chimpanzees independently classified 25% of the transcribed responses. Agreement between MDB and MLJ on assignment to all six categories of reaction was 94%. Nevertheless, the analyses of reaction combined Sϩ and Sϩ/Ϫ into a single category Sc to have fewer cells for statistical analysis. As Table 3 shows, Sϩ and Sϩ/Ϫ are similar in that they are the only categories of reaction that contain expansions, that is, signs from the previous utterance together with novel signs.
Interaction (C n :P nϪ1 )
1. I (incorporation): All of the signs in C n appeared in P nϪ1 (R. A. Gardner, Gardner & Drumm, 1989, p. 47 2. Iϩ (expansion): All of the signs in C n appeared in P nϪ1 together with new signs. In cases of Iϩ, the chimpanzees expanded on the probes of the interlocutor (Bloom et al., 1976; Bohannon & Stanowicz, 1989 ; B. T. Gardner & Gardner, 1998, p. 168; Keenan, 1977 Using the gloss transcriptions, MDB classified the interaction of each reply with each probe, C 2 :P 1 and C 3 :P 2 . MLJ independently classified 25% of the interactions. Agreement between MDB and MLJ on assignment to all six categories of interaction was 100%.
Results
Part I: Attention Getting
The chimpanzees were free to enter or to leave the TZ all day every day. They were also free to stay in the TZ without making any sounds or signs at all. The interlocutor detected a chimpanzee in the TZ and then sat at his station in the DC 459 times, which started Interval 1. The chimpanzees made sounds 276 (60%) of the 459 times that Interval 1 started. Once they made a sound, the chimpanzees almost always stayed until the interlocutor turned and faced them. Of the 276 times that a chimpanzee made a sound in Interval 1, there were only 13 cases (all in the 30D condition) in which a chimpanzee withdrew before the interlocutor turned to face the chimpanzee.
Sound Versus Sign
Each interval in Table 2 could contain sounds without signs (ϩA 0V), both sounds and signs (ϩA ϩV), signs without sounds (0A ϩV), or neither sounds nor signs (0A 0V). Table 5 shows the distribution of these four combinations of sound and sign for each chimpanzee, and the chi-square for each chimpanzee is significant with p Ͻ .0001.
During Interval 1, when the interlocutor faced away from the chimpanzee, the chimpanzees used the auditory channel (ϩA 0V or ϩA ϩV). Sounds appeared in 276 (60%) of the 459 times that the interlocutor began Interval 1 by sitting at his station in the DC. Signs without sounds (0A ϩV) never appeared during Interval 1. During Intervals 2-4, when the interlocutor faced the chimpanzee, the chimpanzees used the visual channel (0A ϩV or ϩA ϩV). Signs appeared in 762 (98%) of the 776 intervals in which the interlocutor faced a chimpanzee. Sounds without signs (ϩA 0V) never appeared in Intervals 2-4. Interval 1 contained 87% (72/83) of all noisy signs, and Intervals 2-4 contained 95% (735/770) of all quiet signs. 
Individual Differences
Sound Increase
In the 30D condition, the 30 s of delay began after a chimpanzee made a sound. During the delay, a chimpanzee could make additional sounds or wait quietly. Table 7 shows that Moja, Tatu, and Dar mostly made additional sounds, whereas Washoe was about as likely to wait quietly as to make additional sounds. Most of the time, the chimpanzees produced more than one additional instance of sound during the 30 s of delay.
Part II: Signed Interchanges
The chimpanzees signed 259 (98.5%) of the 263 times that the interlocutor faced them. Twice a chimpanzee signed and then withdrew before Probe 1. The chimpanzees signed in response to 256 (99.6%) of the 257 times that the interlocutor signed Probe 1. The chimpanzees signed in response to 247 (96.5%) of the 256 times that the interlocutor signed Probe 2. Once the interlocutor faced them, the chimpanzees completed all but seven (3%) of the interchanges of signed interaction.
Sign language studies of cross-fostered chimpanzees, like developmental studies of human children, typically use productive tests in which subjects are free to use any word or sign in their vocabulary and any number of words or signs in any given utterance. Moreover, as in studies of human subjects, utterances are relatively appropriate or inappropriate rather than precisely correct or incorrect. Many different utterances can be appropriate in any given conversational context and different utterances are appropriate in different conversational contexts. Appropriateness depends on patterns of response rather than on high or low scores.
Because the appropriate results of this experiment consist of patterns of frequency distributions, the appropriate measures are categorical and the appropriate statistic is chi-square (Wickens, 1989) . Chi-square for contingency evaluates for categorical measures the most important contrasts that normally appear in analysis of variance for ordinal measures. The following analyses compare different patterns evoked by different probes within chimpanzees as well as common patterns and individual differences among chimpanzees. Finding both common patterns and individual differences is important for two reasons.
First, cross-fostered chimpanzees are like human children in exhibiting both commonalities and individual differences. Second, demonstrable individual differences show that the patterns originate with the individual chimpanzees rather than from artificial experimental constraints.
Reaction Comparisons
Probe 1. There was only one condition in Probe 1. The interlocutor turned to face the chimpanzee and signed WHAT? after the chimpanzee signed C 1 . The pattern of reaction of each chimpanzee to Probe 1 appears in Figure 3 . A one-way chi-square for each distribution appears below each of the four panels of Figure 3 . All four chi-squares were significant with three degrees of freedom and p Ͻ .0001 for Washoe, Moja, and Tatu and p Ͻ .02 for Dar. Most of the reactions of Washoe, Moja, and Tatu were Sc, whereas most of the reactions of Dar were S or Dc. The two-way chi-square for 4 chimpanzees and four categories of reaction was significant with nine degrees of freedom and p Ͻ .0001. Omitting Dar, the chi-square for 3 chimpanzees and four categories of reaction with six degrees of freedom drops to p Ͼ .14, showing that his distribution was responsible for the significant chi-square. To summarize, Washoe, Moja, Tatu, and Dar responded appropriately to Probe 1 WHAT? in that they mainly expanded on their initial utterance by reiterating it with the addition of new signs. Dar's rejoinders were similar to the others except that he was somewhat more likely to shift to different signs.
Probe 2. There were four conditions in Probe 2, WHAT, on topic, affirmative, and denial. The pattern of reaction of each chimpanzee under each condition appears graphically in Figure 4 , and a one-way chi-square for each distribution appears below each of the 16 panels. Of these 16 chi-squares, 6 were significant with p Ͻ .005 and 6 more were significant with p Ͻ .05, whereas the remaining 4 were insignificant with p Ͼ .10, for Washoe's reactions to on topic; p Ͼ .16, for Dar's reactions to affirmative; p Ͼ .32, for Dar's reactions to WHAT?; and p Ͼ .49, for Washoe's reactions to affirmative.
Condition Versus Condition
The effect of the four conditions on the patterns of reaction shown in Figure 4 yielded four two-way chi-squares, one for each chimpanzee. With four conditions and five categories of reaction, each two-way chi-square had 12 degrees of freedom. For Tatu, the chi-square for conditions was significant, 2 (12) ϭ 23.35, p ϭ .02, and pairwise comparisons showed significant differences ( p Ͻ .03) between the WHAT? and affirmative conditions and between the WHAT? and denial conditions. For Dar, the chi-square for conditions was also significant, 2 (12) ϭ 21.40, p ϭ .04, and pairwise comparisons showed significant differences ( p Ͻ .03) between the on topic and affirmative conditions and the on topic and denial conditions. For Washoe, 2 (12) ϭ 12.81, p ϭ .38, and for Moja, 2 (12) ϭ 7.59, p ϭ .82, the chi-square for conditions failed to approach significance.
1. WHAT?: Figure 4 shows two patterns of reaction to WHAT? probes. Washoe, Moja, and Tatu mostly reacted to WHAT? probes with the Sc category, but Dar's reactions were almost equally divided among the four categories. Only four categories appeared in this analysis. The frequency in the NR category was zero because the cross-fosterlings never failed to sign in reaction to WHAT? probes. Nevertheless, the two-way chi-square for 4 chimpanzees by four categories was insignificant, 2 (9) ϭ 12.14, p ϭ .21.
2. On topic question: Figure 4 shows all 4 chimpanzees had a similar pattern of reaction to on topic probes. The two-way chisquare for 4 chimpanzees by five categories was insignificant, 2 (12) ϭ 17.98, p ϭ .12. The Sc and SϪ categories were the most frequent reactions to on topic probes.
3. Affirmative: Figure 4 shows two patterns of reaction to affirmative probes. Washoe's and Dar's distributions were somewhat flatter ( p Ͼ .49 and p Ͼ .16, respectively) than Moja's and Tatu's ( p Ͻ .03 and p Ͻ .001, respectively), but the two-way chi-square for 4 chimpanzees by five categories was insignificant, 2 (12) ϭ 16.99, p ϭ .15. The SϪ category was the most frequent reaction to affirmative probes. 4. Denial: Figure 4 shows two patterns of reaction to denial probes. Washoe, Moja, and Tatu mostly reacted with SϪ and Sc, but Dar mostly reacted with Dc. The two-way chi-square for 4 chimpanzees by five categories was significant, 2 (12) ϭ 21.95, p ϭ .04.
Interaction Comparisons
Probe 1. There was only one condition in Probe 1. The interlocutor signed WHAT? after the chimpanzee signed. The pattern of interaction of each chimpanzee to Probe 1 appears in Figure 5 . All of the rejoinders of the chimpanzees were different from the probe (Dp). In these conversations, WHAT? was a request for information. Consequently, rejoinders that incorporated or expanded on WHAT? would have been inappropriate because that would be like answering a question with a question.
Probe 2. There were four conditions in Probe 2: WHAT?, on topic, affirmative, and denial. The pattern of interaction of each chimpanzee under each condition appears graphically in Figure 6 , and a one-way chi-square for each distribution appears below each of the 16 panels. Of these 16 chi-squares, 13 were significant with p Ͻ .008, whereas the remaining three were insignificant with p Ͼ .08 for Washoe's interactions with on topic and also for her interactions with affirmative probes, and p Ͼ .21 for Dar's interactions with on topic probes.
Condition Versus Condition
The effect of the four conditions on the patterns of interaction shown in Figure 6 yielded four two-way chi-squares, one for each chimpanzee. With four conditions and four categories of interaction, each chi-square had nine degrees of freedom. The effect of conditions on the patterns of interaction was significant for all four chimpanzees: for Washoe, 2 (9) ϭ 39.71, p Ͻ .0001; for Moja, 2 (9) ϭ 42.44, p Ͻ .0001; for Tatu, 2 (9) ϭ 37.18, p Ͻ .0001; and for Dar, 2 (9) ϭ 27.48, p ϭ .0012. 1. WHAT?: Figure 6 shows that all of the rejoinders of the chimpanzees were Dp as in their rejoinders with Probe 1. Again, as in Probe 1, WHAT? was a request for information so that rejoinders that incorporated or expanded on WHAT? would have been inappropriate because that would be like answering a question by repeating the question.
2. On topic question: Figure 6 shows two patterns of interaction to on topic probes. Washoe's and Dar's distributions were somewhat flatter ( p Ͼ .08 and p Ͼ .21) than Moja's and Tatu's ( p Ͻ .0007 and p Ͻ .0005), but the two-way chi-square for 4 chimpanzees by four categories was insignificant, 2 (9) ϭ 14.29, p ϭ .11. Most of the interactions with on topic probes incorporated (I) or expanded on (Iϩ) the probes of the interlocutor.
3. Affirmative: Figure 6 shows Washoe's pattern of interaction was somewhat flatter ( p Ͼ .08) than Moja's, Tatu's, and Dar's ( p Ͻ .0001, p Ͻ .006, and p Ͻ .0001, respectively), but the two-way chi-square for 4 chimpanzees by four categories was insignificant, 2 (9) ϭ 8.46, p ϭ .49. The most popular category of interaction with affirmative probes was Dp, except for Washoe, whose rejoinders were evenly split between I and Dp.
4. Denial: Figure 6 shows that all 4 chimpanzees had a similar pattern of interaction to denial probes. The Dp category was the most frequent. The two-way chi-square for 4 chimpanzees by four categories was significant, 2 (9) ϭ 16.69, p ϭ .05. Dar's pattern of interaction was more varied.
Discussion
In the years leading up to this experiment, familiar humans treated Washoe, Moja, Tatu, and Dar as informal, conversational partners virtually every day of their lives, just as family members treat human children as conversational partners. This experiment sampled the conversational skills that the cross-fostered chimpanzees developed under these conditions and sampled them in a place and in a situation that they encountered daily. Indeed, as far as the chimpanzees could tell, these were ordinary interchanges with a familiar human friend, indistinguishable from their usual informal encounters with human interlocutors at that time and in that laboratory. This experiment sampled long-term skills under typical spontaneous conditions. In Part I of this experiment, the cross-fostered chimpanzees found a familiar human working at his desk with his back turned to them. As usual in this laboratory, the chimpanzees were free to enter the TZ or any other area of the laboratory at any time. A chimpanzee in the TZ was free to leave, to stay, or to make attention-getting sounds. They made sounds when the interlocutor's face was turned away and switched to signs of ASL when they gained his attention. Except for noisy signs, they never signed to the interlocutor when his back was turned or made attentiongetting sounds when he faced them. They also showed robust individual variation in the quality and the quantity of the attentiongetting sounds that they used. They initiated conversations with attention-getting devices as do human adults and human children both hearing and deaf (Baker, 1977; Foster, 1990; Golinkoff, 1986; Keenan & Schieffelin, 1976; McKirdy & Blank, 1982; McTear, 1979; Mueller, 1972; Prinz & Prinz, 1985; Vandell & George, 1981; Woodward, 1980) . On 276 (60.1%) of the 459 occasions in which a chimpanzee in the TZ encountered MDB in the DC, the chimpanzee initiated an interchange by making an attention-getting sound. Note that it was always a chimpanzee that initiated interchanges; MDB only sat in his chair and waited. This has been the usual procedure in our sign language studies of cross-fostered chimpanzees. Even in formal vocabulary tests (R. A. Gardner & Gardner, 1984, pp. 383-386) the human interlocutor always waited for the chimpanzee to initiate each trial.
Once they made an attention-getting sound, there were only 13 occasions (all in the 30D condition) in which a chimpanzee withdrew before the end of Interval 1. As soon as MDB faced them, the chimpanzees signed to him, with only four (1.5%) occasions in which a chimpanzee failed to sign and only two occasions in which a chimpanzee signed and then withdrew before Probe 1. After he faced them, MDB always waited for the chimpanzees to sign before he signed Probe 1. Of the 257 times that MDB signed Probe 1, there was only one time that a chimpanzee failed to respond in signs to Probe 1. Of the 256 times that MDB signed Probe 2, there were only nine times a chimpanzee failed to respond in signs to Probe 2. Clearly, when they made sounds, Washoe, Moja, Tatu, and Dar were ready for conversation.
In Part II of this experiment, the chimpanzees engaged the interlocutor in typical conversational interchanges. An opening signed utterance from the chimpanzee initiated all interchanges. The interlocutor's conversational turns consisted of signed probes that were patterned after the probes in similar experimental studies of conversational interchanges between human children and human adults (Anselmi et al., 1986; Brinton & Fujiki, 1991; Gallagher, 1977; Gallagher & Darnton, 1978; Hughes & James, 1985; Marcos & Bernicot, 1994; Schley & Snow, 1992; Tomasello, Farrar, & Dines, 1984; Wilcox & Webster, 1980) . Like human children, the cross-fostered chimpanzees were sensitive to the probes in that their rejoinders varied significantly as a function of the type of probe.
Introducing fresh material into an utterance that includes material from earlier utterances is called expansion, including material from an earlier utterance of the same speaker is called reiteration, and including material from an earlier utterance of a conversational partner is called incorporation (B. T. Gardner & Gardner, 1998, p. 168) . Human adults and human children use expansion, reiteration, and incorporation to maintain the topic of a conversation (Brinton & Fujiki, 1984; Ciocci & Baran, 1998; Garvey, 1975; Halliday & Hasan, 1976; Wilcox & Webster, 1980) . , , Dunham and Dunham (1996) , and Wilcox and Webster (1980) found that children incorporate and expand across turns when asked questions as in the study of cross-fostered chimpanzees reported here. Brinton and Fujiki (1991); , Gallagher (1977) , and Gallagher and Darnton (1978) found more expansion and less simple reiteration in older and more linguistically advanced children. In her extensive monographs on the development of language in human infants, Bloom (1993a Bloom ( , 1993b referred to incorporation plus expansion as contingency and related contingency to growth from infant to adult conversation. Brinton and Fujiki (1991) also found that individuals living in institutions were less likely to expand than subjects living in homes. Blaylock, Scudder, and Wynne (1995) , Chaban (1996) , Gallagher (1977) , Gallagher and Darnton (1978) , and Hughes and James (1985) showed that deaf and hearing children develop ease and ability to react to and interact with probes. Expansions (Sc in Figures 3 and 4 , and Iϩ in Figures 5 and 6 ) in the signed reactions and interactions of cross-fostered chimpanzees resemble the rejoinders of more advanced children.
In this experiment, Washoe, Moja, Tatu, and Dar signed to a familiar human interlocutor who responded with probes that varied according to a systematic experimental design. Their rejoinders depended on the probes. They reacted to probes appropriately by maintaining or altering the signs in their previous utterance. They interacted with probes appropriately by adjusting their signs in relation to the probes. Also, like human children, Washoe, Moja, Tatu, and Dar varied among themselves. They showed patterns of individual differences in their conversational styles. The cross-fosterlings developed into conversational partners because familiar human interlocutors had always treated them as conversational partners. Interactive sign language had always been an integral part of their lives, beginning at an infantile level and rising to gradually more sophisticated levels as they matured. The development of human children into conversational partners also depends on their treatment as conversational partners (Singleton, Morford, & Goldin-Meadow, 1993) .
The chimpanzee-human dialogues in this experiment were embedded in the casual interactions of daily life in the Ellensburg laboratory. From the time that they first developed fluency in sign language, Washoe, Moja, Tatu, and Dar normally took the lead in chimpanzee-human dialogues in Reno (B. T. Gardner, Gardner, & Nichols, 1989, p. 63 ) and in Ellensburg. The dialogues between chimpanzees and interlocutor have the quality of human conversations because they took place in an appropriate environment. They are comparable with dialogues in similar research with human children because cross-fostered chimpanzees and human children carry on conversations under similar conditions.
Earlier sign language studies of cross-fostered chimpanzees have concentrated on the text of their utterances. Together with other basic behavioral developments, size of vocabulary, appropriate use of sentence constituents, number of utterances, proportion of phrases, variety of phrases, length of phrases, complexity of phrases, and inflection all grew robustly throughout 5 years of cross-fostering. The patterns of growth were consistent across chimpanzees but with individual differences. Wherever there are comparable measurements, patterns of growth found in crossfostered chimpanzees parallel characteristic patterns found in human infants (Bloom et al., 1976; Braine, 1976; Brown, 1968; De Villiers & De Villiers, 1986; Ervin-Tripp, 1970; ; B. T. , 1994 Leonard, 1976; Nelson, 1973; Reich, 1986; Wells, 1974) . The chimpanzees, however, developed more slowly than children learning either signed or spoken languages-more slowly but without reaching an asymptote while they were under cross-fostering conditions in the Reno laboratory. Informal, social conversation in signs continued in the Ellensburg laboratory up to the time of the experiment reported here.
This is a study of pragmatically appropriate switching between auditory and visual channels independent of the textual correctness of utterances. This is also a report of conversational appropriateness of signs in rejoinders to signed probes of a human interlocutor. Although much research on the development of spoken and signed language in human children continues to focus on textual correctness, more and more studies have focused on pragmatic and contextual appropriateness (Brinton & Fujiki, 1995; Ellis, 1999; Holzrichter & Meier, 2000; Johnson, 1997; Nelson, Aksu-Koc, & Johnson, 2001; Slobin, Gerhardt, Kyratzis, & Guo, 1996; Spencer, Erting, & Marschark, 2000; Swisher, 2000; Trillo, 1997) . In this experiment as in Jensvold and Gardner (2000) , the crossfosterlings showed their conversational skill. When appropriate, they incorporated signs from the interlocutor's responses into their own turns in the conversation and expanded on the signs they incorporated. In responding to questions, they also clarified and amplified their own previous responses with suitable expansions. They acquired these conversational skills in a conversational environment.
A similar interest in pragmatic and contextual appropriateness that depends on social rearing has begun to appear in modern studies of bird song (West, King, & Freeberg, 1997) . Tape recorded models of male songs are convenient tools for studying song learning because song birds can learn so much from artificial models heard in a caged environment. The effectiveness of tape recorded models of bird song have certainly led to important discoveries. Recent work, however, shows that the social context of song learning is critical to the social function of a song. For example, young male cowbirds can listen to a tape recorder in a cage without any other species-specific experience and learn to sing songs good enough to attract live females. And yet, male cowbirds without any social experience with other cowbirds fail to follow through with the next steps in cowbird courtship. Indeed, they often flee from the approach of a receptive female, which is certainly contextually inappropriate.
Studies of birds learning songs from tape recorders tell us a great deal about vocal learning. The essential biological function of mating songs, however, lies in courtship and reproduction. In the same sense, the essential biological function of words and signs in human behavior lies in human social behavior and the exchange of information. In this sense, contextually appropriate utterances and contextually appropriate pragmatic devices reveal a great deal about the nature of communication and the importance of appropriate rearing conditions.
